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ABSTRACT
Context. Mechanisms involved in the star formation process and in particular the duration of the different phases of the cloud
contraction are not yet fully understood. Photometric data alone suggest that objects coexist in the young cluster NGC 6530 with ages
from ∼1 Myr up to 10 Myrs.
Aims. We want to derive accurate stellar parameters and, in particular, stellar ages to be able to constrain a possible age spread in the
star-forming region NGC6530.
Methods. We used low-resolution spectra taken with VIMOS@VLT and literature spectra of standard stars to derive spectral types
of a subsample of 94 candidate members of this cluster.
Results. We assign spectral types to 86 of the 88 confirmed cluster members and derive individual reddenings. Our data are better
fitted by the anomalous reddening law with RV=5. We confirm the presence of strong differential reddening in this region. We derive
fundamental stellar parameters, such as effective temperatures, photospheric colors, luminosities, masses, and ages for 78 members,
while for the remaining 8 YSOs we cannot determine the interstellar absorption, since they are likely accretors, and their V-I colors
are bluer than their intrinsic colors.
Conclusions. The cluster members studied in this work have masses between 0.4 and 4 M⊙ and ages between 1-2 Myrs and 6-7 Myrs.
We find that the SE region is the most recent site of star formation, while the older YSOs are loosely clustered in the N and W regions.
The presence of two distint generations of YSOs with different spatial distribution allows us to conclude that in this region there is an
age spread of 6-7 Myrs. This is consistent with the scenario of sequential star formation suggested in literature.
Key words. Galaxy: open clusters and associations: individual (NGC6530) – stars: Hertzsprung-Russell and C-M diagrams – stars:
pre-main sequence – stars: fundamental parameters – stars: formation – techniques: spectroscopic
1. Introduction
The study of very young open clusters is crucial to understand-
ing the process of star formation within molecular clouds, since
by measuring their age dispersion, it is possible to reconstruct
the star formation history and test different star formation the-
ories. A still controversial issue concerns the predictions of the
duration of different phases of star formation. According to early
models, clouds were considered in virial equilibrium, which
makes them evolve on long time scales (& 108 years) (e.g.
Solomon et al., 1979; Palla & Stahler, 2000; Tan et al., 2006;
Huff & Stahler, 2007). In contrast, recent observations obtained
with the Herschel observatory reveal very elongated, filamentary
structures (e.g. Molinari et al., 2010), suggesting clouds affected
by supersonic turbulence (Ballesteros-Paredes et al., 2007) that
are expected to form stars on short time scales (∼ 107 years) (e.g.
Elmegreen, 2000; Hartmann et al., 2001; Elmegreen, 2007).
Reliable age determinations in star-forming regions are thus
crucial to deriving the age spread and establish the duration of
the star formation process. This allows us to constrain star for-
mation theory and also to understand the evolution of the cir-
cumstellar material around young stellar objects (YSOs), which
are strictly related to planet formation.
Stellar ages can be derived by different methods, as dis-
cussed in Soderblom (2010), but the physical complexity of
⋆ Based on observations collected at the European Southern
Observatory, Paranal, under program ID 077.C-0073B
YSOs and of their environment imply very large uncertainties
on the stellar parameters from which ages are inferred (see
Preibisch, 2012, for a detailed review). The most widely used
method of estimating the ages of young stars is to derive effec-
tive temperatures and luminosities from observational data and
compare them in the Hertzsprung-Russell diagram (HRD) with
those predicted by theoretical pre-main sequence (PMS) models.
Uncertainties in the stellar parameters of SFRs, if not appropri-
ately considered, can be underestimated leading to the interpre-
tation the observed scatter in the HRD as an intrinsic age spread
rather than as un upper limit to the true age spread (Preibisch,
2012).
One of the most important contributions on the stellar param-
eter uncertainties comes from the presence of different amount
of interstellar and circumstellar extinction around YSOs. This
yields highly unreliable derivations of effective temperature
from photometric colors and therefore requires the acquisition of
low-resolution spectra to derive spectral types to infer accurate
effective temperatures. An appropriate reddening law to derive
the absorption and therefore the luminosity, and a suitable treat-
ment of other sources of uncertainties, such as excess emission
in the blue and/or in the IR spectrum, binarity, and photometric
variability are also crucial for deriving accurate stellar parame-
ters, hence reliable stellar ages.
A good target for studying all these topics is the very young
and rich open cluster NGC 6530 (associated with the giant
molecular cloud M8 or Lagoon Nebula), located about 1250 pc
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from the Sun. A peculiarity of this region is the presence of the
Hourglass nebula, a compact H II region, produced by the ex-
tremely young O7.5 V star Herschel 36.
Several investigations have been devoted to this cluster since
the work of Walker (1957). The main challenge when studying
star-forming regions comes from most of the cluster stars still
being in the PMS phase and, due to the age spread and/or obser-
vational uncertainties, are located in a broad region of the color-
magnitude diagram (CMD). In the case of NGC 6530, only stars
hotter than about A0 spectral types are located on the cluster
main sequence, while most of the cluster members show a wide
spread in the CMD. Sung et al. (2000) gives a list of 37 PMS
candidates of NGC 6530, based on Hα and UBVRI photometry,
down to V ∼ 17. They also derived individual reddening values
for 30 O and B type stars, finding evidence of differential red-
dening with E(B − V) in the range [0.25,0.5] mag and a mean
value of 0.35. More recently, a long list of candidate members
(884 sources) has been obtained using a deep Chandra ACIS-I X-
ray observation (Damiani et al., 2004). Optical and IR (2MASS)
properties of these X-ray sources have been analyzed by us in
Prisinzano et al. (2005) and in Damiani et al. (2006). Using BVI
images taken with the WFI@ESO/2.2 m telescope, we obtained
a photometric catalog that reaches down to V ≃ 23, from which
we derived a revised cluster distance of ≃ 1250 pc. This value
has been confirmed by Arias et al. (2006) who derived the clus-
ter distance using the spectral energy distribution, from optical
and IR photometry, for a group of stars around Herschel 36.
Adopting this distance value, the Sung et al. (2000) mean red-
dening and theoretical models, we estimated ages and masses
from photometry and, within the large uncertanties derived by
the assumption of a mean reddening, we found indications of a
sequential star formation.
Few spectroscopic studies are available for the low-mass
population of this cluster. In particular, 332 PMS candidates
with V ≤ 18 mag, chosen based on their position in the color-
magnitude diagrams, have been studied using high-resolution
spectroscopic observations (R=19 300) taken with GIRAFFE-
FLAMES@VLT, with the setup around the lithium line, and
around the Hα line for a subsample of them (Prisinzano et al.,
2007, hereafter PDM2007). Most of them (237) are confirmed
cluster members based on their radial velocities and on the pres-
ence of a strong lithium line. However, most of the derived prop-
erties of the cluster (age spread, disk frequency, IMF, and history
of star formation) are based on temperatures derived by the B-V
and V-I colors, assuming a mean reddening, so they are affected
by very large uncertainties.
Intermediate-resolution spectra in the range 3850–7000 Å of
39 YSOs in NGC 6530 with Hα emission and NIR excess were
used by Arias et al. (2007) (hereafter ABM) to derive effective
temperatures, luminosities, masses, and ages, by means of NIR
photometry. Although the sample of studied members is rela-
tively small, their results also suggest a sequential process in the
star formation.
In this paper we present the spectral type classification of
a selected sample of candidate members of NGC 6530 with a
large number of relatively clean objects with X-ray emission but
without evidence of NIR excesses and thus likely weak T Tauri
stars (WTTS). In addition, we present results for YSOs with ev-
idence of NIR excesses and for candidate YSOs selected from
their position in the CMD. The aim of this work is to determine
reliable and accurate effective temperatures and luminosities to
be placed in the H-R diagram. In addition we want to investigate
if a real age spread is present in this cluster and if the evidence of
a sequential and triggered star formation from N to S, as found
since the work of Lada et al. (1976), can be confirmed with our
data.
2. Observations
2.1. Target selection
We observed a total of 94 spectroscopic targets, selected among
candidate members with 12.5 < V < 19.0 in the PMS region of
NGC 6530 by using the Prisinzano et al. (2005) optical catalog
obtained from images taken with the WFI camera of the ESO
2.2 m Telescope. Most of our targets (65) do not show strong
IR excesses and were chosen for being likely clean YSOs not
affected by severe veiling effects, for which the derived stellar
parameters should be affected by relatively small uncertainties.
In addition, we selected 24 candidate YSOs with evidence of
NIR excesses in the JHK color-color diagram and five further
targets selected because they fall in the PMS region of the V vs.
V-I diagram.
Among our targets, 87 have an X-ray counterpart in
Damiani et al. (2004), while 68 are in common with the sample
of VLT/FLAMES spectra published in PDM2007. In Table 1 we
list coordinates, literature identification number, and photomet-
ric data of our targets, and in Fig. 1 (top panel) we show the V
vs. V-I diagram where candidates without and with NIR excesses
and selected only photometrically are highlighted with different
symbols.
2.2. Observations and data reduction
Spectroscopic observations of the NGC 6530 cluster were per-
formed on May 25, 2006 and on June 17, 2006 within the ESO
program 077.C-0073B, with the VIMOS instrument mounted at
the Nasmyth focus B of the ESO-VLT UT3 telescope.
We used the multi-object spectroscopy (MOS) and high-
resolution (HR) modes, with the Orange setup (spectral reso-
lution R ∼ 2150, with a slit width of 1 arcsec), covering a spec-
tral range approximatevely between 5200 and 7600 Å. Slit defi-
nition and positioning were performed with the VIMOS Mask
Preparation Software (VMMPS). Target positions were taken
from the source list found in the VIMOS pre-imaging. Our tar-
gets were observed with three exposures of 2260 sec. Further
details are given on the log of observations given in Table 2.
Data were reduced with the VIMOS pipeline and the ESO
Recipe Execution Tool (EsoRex). For the analysis of this work
we considered the reduced spectra of detected objects. For the
spectra obtained on May 29, calibration lamps were acquired af-
ter seven and ten hours from the first and second observations,
respectively. As a consequence, the telescope rotator position
was very different from at the time of the science spectra acqui-
sition. Since the relative slit position with respect to the grism
changes with the rotator position, these spectra are affected by
a distortion that caused a variable shift along the dispersion di-
rection up to 12 Å in the wavelength calibration. For this reason,
our spectra were not summed to improve the S/N but were an-
alyzed separately, and appropriate local wavelength corrections
have been found, when required, for the analysis presented in
this work.
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Table 2. Log of the VIMOS observations
IDOB Date UT Seeing (”)
237861 2006-05-29 04:22:20.622 1.20
237861 2006-05-29 04:22:28.124 1.20
237861 2006-05-29 04:22:28.125 1.20
237861 2006-05-29 04:22:20.621 1.20
237870 2006-05-29 07:20:32.721 1.64
237870 2006-05-29 07:20:39.428 1.64
237870 2006-05-29 07:20:39.429 1.64
237870 2006-05-29 07:20:32.720 1.64
237870 2006-06-17 03:35:39.135 1.04
237870 2006-06-17 03:35:35.610 1.04
237870 2006-06-17 03:35:35.609 1.04
237870 2006-06-17 03:35:39.136 1.04
3. Results
3.1. Identification of cluster members
For the 68 objects observed with both instruments (VIMOS,
this work and FLAMES, Prisinzano et al., 2007), the cluster
membership has been established by using the results from the
FLAMES high-resolution spectra obtained by Prisinzano et al.
(2007), based on radial velocities and on the equivalent width
of the Li I absorption line at 6707.8 Å. Figure 1 (middle panel)
shows the V vs. V-I diagram of the VIMOS targets with a coun-
terpart in Prisinzano et al. (2007), where 63 of them were classi-
fied as confirmed cluster members (‘M’), three as cluster non-
members (‘NM’) and two with uncertain membership (‘M?’).
In this work, we consider confirmed cluster members the 63
objects labeled in PDM2007 with ‘M’ and the star ID=24 labeled
with ‘M?’ for its discrepant radial velocity. Among the con-
firmed members we include the star with ID=19 that was classi-
fied in PDM2007 as a nonmember since this star does not show
any X-ray detection, Li line, or Hα broadening in the FLAMES
spectrum; neverthless, the VIMOS spectrum shows an evident
Li absorption and a broad Hα in emission with FWZI ∼ 17 Å.
After careful analysis of the FLAMES spectrum we noted that
the whole spectrum shows very few lines, and we suspect there is
a problem in the fiber assignment for this star. Thus we classify
the star with ID=19 here as a confirmed cluster member.
For those spectra that we only observed spectroscopically
with VIMOS, we established the membership status by consid-
ering the presence of the X-ray detection and by inspecting the
presence of the Li I absorption line at 6707.8 Å and the shape
of the Hα line. Unfortunately, we cannot measure the equivalent
width of the Li I, since the spectral resolution of our spectra is
too low to resolve this line, which is blended with the nearby iron
lines (Fe I 6705, 6710 Å, Covino et al., 1997). However, since
the Li I line is expected to be very strong for late type YSOs, as
are many of our targets, we used this line to assert the member-
ship for the 26 objects for which we do not have high-resolution
spectra.
For YSOs, emission lines and, in particular, the Hα line, are
good indicators of youth, but in the case of NGC 6530, emis-
sion lines cannot be used as membership indicators, since the
spectra may suffer from Hα line contamination from the sur-
rounding Lagoon nebula. Owing to its strong spatial variabil-
ity, the subtraction of the nebula contribution is not reliable, and
thus we did not attempt to improve the sky subtraction obtained
with the recipes of the VIMOS pipeline. Neverthless, the Hα line
from the Nebula is expected to be narrow, while that from YSOs
with accretion is expected to be widened at the continuum level
Fig. 1. V vs. V-I diagram of our targets. Top panel shows the 65
targets classified as candidate weak T Tauri stars, since they were
detected in the X-rays, the 21 targets with IR excesses and the
five photometric candidates, selected for the VIMOS observa-
tions. Middle panel shows the CMD for the 68 targets, also ob-
served with FLAMES were ‘M’ indicates the 63 confirmed clus-
ter members, ‘NM’ indicates the three nonmembers and ‘M?’
indicates the two uncertain members. Bottom panel shows the
CMD for the 88 targets classified here as cluster members and
the six classified as nonmembers. 3
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thanks to the gas motion in the circumstellar regions. Even if it
is very hard to accurately measure the full width at zero intensity
(FWZI) in low-resolution spectra, we inspected the base of the
Hα line, so we considered cluster members those with a broad
line, i.e., those with FWZI ≥ 10 Å.
In conclusion, we consider nonmembers to be the follow-
ing objects: stars ID=15 and 70, already classified as ‘NM’ in
PDM2007 for the absence of the Li line, the lack of X-ray detec-
tion, and the Hα in absorption; stars ID=8, 23, 51, and 92 for the
absence of the Li line in the VIMOS spectrum and the narrow
FWZI of the Hα line.
The V vs. V-I diagram of the 88 confirmed cluster members
and of the six nonmembers is shown in Fig.1 (bottom panel). In
Table 3 we list members and nonmembers selected in PDM2007
and those identified in this work.
3.2. Spectral classification
Spectral types of the observed objects were determined by using
the MILES stellar library (Sa´nchez-Bla´zquez et al., 2006) whose
spectra cover the range [3525-7500]Å at 2.50 Å (FWHM) spec-
tral resolution, which is similar to that of our spectra. The li-
brary includes 985 spectra of dwarfs, giants, and subgiants span-
ning a wide range in atmospheric parameters. For the present
analysis we selected only spectra of nonvariable stars with
−0.3 <[Fe/H]< 0.3, i.e. with solar-like metallicity and MK spec-
tral types from B1 to M6.1
The properties of lines in stellar spectra are very sensitive
to the luminosity class, and thus the spectral classification, es-
pecially for contracting YSOs with expected low gravity, can
be reliable only if we compare spectra with the same luminos-
ity class. To this aim we used the Ca I triplet lines (6102, 6122,
6162 Å) since these lines are very strong in giants, and the wing
profile is sensitive to the surface gravity (Edvardsson, 1988). In
particular, we computed the ratios of the intensity of the three
Ca I lines over the intensity of the nearby Fe I line at 6137 Å by
using spectra normalized to the continuum in a region of 40 Å
around each line. Figure 2 shows these ratios for the standards
as a function of spectral type for the giants and main sequence
stars. The plots show that these ratios can be used as diagnostics
of luminosity class as for objects later than G7.
We computed the same ratios for the spectra of our targets
and found that only the stars with ID=74, 82, and 89 are com-
patible with the trend of giants, while all the other objects can be
classified as main sequence stars.
Spectral classification is usually based on the comparison
of lines forming in the stellar atmosphere, but in PMS stars
the presence of additional lines originating in the circumstel-
lar or interstellar material implies one difficulty in determin-
ing spectral types. Thus the comparison of our spectra with
the standard ones has been made by excluding the following
regions (which include also several telluric lines): (a) 6270–
6300 Å, around the O2 telluric line at 6277 Å (Conti et al., 1995),
(b) 6850–6930 Å, and 7570–7700Å, including the O2 B and A
bands (Jao et al., 2008), (c) 7150–7220Å, including the H2O
absorption (Sa´nchez-Bla´zquez et al., 2006), (d) 5773–5800 Å,
including the diffuse interstellar features at 5780 and 5797 Å
(Wallerstein & Cardelli, 1987), (e) 5875–5905 Å around the Na I
D1 D2 lines at 5890, 5896 Å, which may be produced also in the
1 The stars HD147379B and HD111631 are classified in the Miles li-
brary as M3 V and M0.5V, respectively, despite they have similar spec-
tra. Thus we reclassified the star HD147379B as M0.5 V.
Fig. 2. Ratios of the three Ca I line intensities at 6102.7 (top
panel), 6122.0 (middle panel), and 6162.0 Å (bottom panel), re-
spectively, with respect to the Fe I line at 6137 Å, used to deter-
mine the luminosity class of our targets.
circumstellar environment. Finally we also excluded the Hα line
and the region 6702–6712 Å around the Li I, which is very strong
only in YSOs, while it is not present in the standard spectra. We
did not consider those emission lines typical of YSOs (see col-
umn 3 in Table 4), since not all spectra show them, and they can
originate from the hot circumstellar material and/or from the sur-
rounding nebula.
Spectral comparison has been made by splitting each spec-
trum in the spectral regions 5020–5500, 5500–6000, 6000–6500,
4
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Fig. 3. Spectra of cluster members with spectral type between F0 and K2, in the region 5020-6500 Å, normalized to the continuum
and arbitrally shifted for clarity.
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Fig. 4. Spectra of cluster members with spectral type between K2.5 and M0, in the region 5020-6500Å, normalized to the continuum
and arbitrally shifted for clarity.
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Fig. 5. Spectra of cluster members with spectral type between M0.5 and M4, in the region 5020-6500Å, normalized to the continuum
and arbitrally shifted for clarity.
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Fig. 6. Spectra of cluster members with spectral type between K2.5 and M4,, in the region 7000-7500 Å, normalized to the continuum
and arbitrally shifted for clarity.
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6600–6850, 6930–7550, and 7750–8100Å2, which were nor-
malized to the continuum with IDL by using the same parame-
ters (an order 3 polynomial function) for both the standards and
our targets. For each target and for each spectral range, we com-
puted the difference between the target spectrum and the stan-
dard ones to compute the residuals. Classification has been es-
tablished by considering the spectral type of the standard giving
the minimum rms of the residuals. Results have been checked by
a visual inspection of the residuals.
The normalization can be problematic for stars later than
K7 V, where the TiO and VO molecular bands appear to be
deeper towards later spectral types. However, since we used
the same parameters and the same spectral ranges, the result-
ing continuum normalization of target and standard spectra can
be used in order to estimate the difference among the spectra.
Uncertainties were assigned on the basis of the goodness of the
comparison with the standard spectra.
This method is efficient to classify K and M stars whose
spectra show several lines but give very large uncertainties for
earlier type stars. Thus, for the few objects (10) with spectral
type earlier than K, we used a second method based on the in-
tensities of the lines given in Table 4 as a function of the spectral
types of the standar stars. We measured the intensity of these
lines on the spectra normalized to the continuum by using 20
spectral ranges of width from 30 to 50 Å around the adopted
lines. For each line and for each target a spectral type has been
estimated by comparison with the trend of the intensity obtained
for the standards. The final spectral type of each target has been
established as the most recurrent value by considering all the
adopted lines.
Table 4. Typical lines found in our target spectra
Absorption lines Å Emission lines Å
Fe I 5079.0 O I 6300.3
Fe I+Mg I 5167.0 O I 6363.8
Fe I+Mg I 5172.7 S II 6716.0
Mg I 5183.6 S II 6731.0
Fe I+Ca I 5270.0 N II 6583.0
Fe I 5328.0 N II 6548.0
Fe I 5406.0 N II 6527.0
Mg I 5528.3 He I 5875.0
Ca I 5589.0 He I 6678.0
Fe I 5615.5 He I 7065.0
Fe I 5709.5 Ar III 7135.0
Ca I 5857.5
Na I 5890.0
Na I 5896.0
Ca I 6102.7
Ca I 6122.0
Fe I 6137.0
Ca I 6162.0
The results of our spectral classification are given in Table 3.
Figures 3, 4, 5, and 6 show the spectra of cluster members nor-
malized to the continuum in the spectral regions mainly used for
the spectral classification. For each spectral type, spectra have
been arbitrally shifted for clarity. Objects of the same spectral
type are shifted by the same amount. In some cases, emission
lines originating in the Nebula and/or the circumstellar disk can
2 Note, which the spectra of our targets cover a variable spectral
range between ∼5000 and ∼8100 Å
Fig. 7. Histogram of the spectral types found by using the
VIMOS spectra.
be found in absorption. This is likely due to an overestimate of
the sky subtraction for these objects.
Figure 7 shows the histogram of the spectral types derived
in this work. The sample is dominated by K and M stars, which
total 42 and 32, respectively. Among the cluster members, we
were not able to classify the Class 0/I star with ID=31, since the
spectrum show only emission lines and star with ID=46, which
it is likely a high rotator, so it shows very few lines.
3.3. Veiling
Spectra of YSOs can be affected by veiling, i.e. a contribu-
tion to the continuum, likely from the material falling towards
the inner star along columns beamed by the magnetic field.
The total accretion column emission can be described by an
optically thick emission originating in the heated photosphere
and by an optically thin emission due to the infalling material
(Calvet & Gullbring, 1998). For the aim of our work, in case of
veiling we can have two effects: first, a change in the photo-
spheric optical magnitudes owing to an excess in the blue part of
the spectrum; and second, a wrong spectral type determination
since in the case of veiling, lines can appear weaker. This can
lead to attributing an earlier spectral type than the true one.
A detailed analysis of the possible role of the accretion in
the BVI bands was conducted by Da Rio et al. (2010), who sim-
ulated a typical accretion spectrum and added it to a reference
model for the photospheric colors of YSOs in the Orion Nebula
Cluster. They calculated the displacement in the V-I vs. B-V di-
agram caused by the presence of ongoing accretion assuming
different ratios of the accretion luminosity with respect to the to-
tal luminosity. Their results show that the effect is greater on the
B-V than on the V-I and that even an accretion luminosity lower
than 10% of the total luminosity of the star has a strong effect on
the colors of low-temperature stars.
To highlight the presence of possible objects with large
veiling in our sample, we compared the V-I and B-V col-
ors of our targets with the locus of photospheric colors from
Kenyon & Hartmann (1995) of main sequence stars reddened
by using the mean cluster reddening E(B-V)=0.35 (Sung et al.,
2000), as shown in Fig. 8, and the Munari & Carraro (1996) red-
dening law for RV=5.0 (see Sect. 3.5), since this is the one that
follows the bulk of our data better.
From this plot we find that six objects show an evident ex-
cess in the optical colors, as indicated in Table 3. Three of them
(ID=4, 74, 93) also show a broad Hα line while 4 were classified
by us as class II YSOs for their NIR excesses. For these objects
we have strong indicators of membership with evidence of accre-
9
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tion, but we cannot estimate reliable photospheric parameters, so
they will be considered with caution in the following analysis.
Figure 8 also shows that the bulk of our data follows the red-
dening direction and, within the possible spread due to the un-
correct reddening, they do not show any strong excesses with re-
spect to the expected photospheric colors. Thus we can consider
the magnitudes of these objects representative of their photo-
sphere and can be used to derive reliable stellar parameters (see
Sect. 3.5 for a detailed discussion).
As already mentioned, a further effect of a possible veil-
ing is an unrealistic spectral type classification. Nevertheless,
as described in Sect. 3.2 for each objects, we split the whole
spectrum into more regions and verified that the adopted fi-
nal spectral type is consistent in every subspectrum, by con-
sidering that some spectral regions are more sensitive to veil-
ing than others, depending on the spectral type. In particular,
since most of our targets are late K and M stars, we mainly
used the reddest part of the spectrum -more sensitive for these
spectral types-, which is expected to be less affected by veiling
(Gullbring et al., 2000). In addition, since most of our targets
are candidate class III YSOs, with no strong evidence of a cir-
cumstellar disk, we can conclude that our spectral classification
should not be influenced by the veiling, with the exception of
the star with ID=31, which we were not able to classify since
its spectrum shows only emission lines. This object was classi-
fied as class 0 by Kumar & Anandarao (2010) by using IRAC–
Spitzer photometry.
In addition we find that star ID=86 shows a very peculiar
spectrum with the reddest region (6900-7400Å) similar to that
of K7-M0.5 V star, the region 6000–6500Å similar to a K3-
K4 V star, while the region 5000–5500Å similar to a G8 V star.
Since the FWZI is quite high ( 19 Å), we guess that this object
is affect by veiling and/or variability. Given its previous spec-
tral classification (B8.5 V from SIMBAD database) and its bright
magnitude, we do not exclude this object being a candidate FU-
Ori object or a binary where we can see the low-mass companion
spectrum. Based on inconsistent features in their spectra, we also
suspect a possible effect of veiling for the stars ID=12 and 36.
Even in this case, we consider these objects with caution for the
following analysis.
3.4. Intrinsic colors and reddening
To convert spectral types into intrinsic colors, we used the
Kenyon & Hartmann (1995) transformations. We verified that
for the colors of our targets, the Kenyon & Hartmann (1995) re-
lation is very similar to that suggested in Luhman (1999), which
considers the Kenyon & Hartmann (1995) colors for types ear-
lier than M0 and the colors from Leggett (1992) for M0 and
later types. Figure 9 shows individual reddenings E(V-I), derived
from the difference between the observed and the intrinsic col-
ors, as a function of the intrinsic (V-I)0 (top panel) and of the
observed (V-I) (middle panel).
In Fig. 9 we also have unphysical negative reddening values
for a few members. We find that the seven YSOs with E(V-I)<0
are all YSOs of spectral type equal or later than M0, and two
of them show a quite high FWZI of Hα (> 15Å). We guess that
these negative values are due to observed colors that are bluer
than the pure photospheric ones for a possible excess in the V
band owing to accretion processes. This is expected for late type
stars, since, as shown in Da Rio et al. (2010), low fractions of
accretion luminosity have a strong effect on the colors of low-
temperature stars.
Fig. 8. V-I and B-V diagram of NGC6530 members pre-
sented in this work. Solid line is the locus of photospheric col-
ors from Kenyon & Hartmann (1995) reddened by using the
mean cluster reddening E(B-V)=0.35 (Sung et al., 2000) and
the Munari & Carraro (1996) reddening law for R=5.0 (see
Sect. 3.5) . The reddening vector assuming E(B-V)=1 is also
drawn. Empty circles indicate objects with evident excess in the
optical colors.
In Fig. 9 (middle panel), all objects follow the reddening vec-
tor, but the mean reddening of M stars is lower than the one of
earlier type stars, and the two populations are quite distinct. This
is a selection effect, since M stars more reddened than the ob-
served ones would be fainter than our observational limit. This
is consistent with the spatial distribution of the objects studied
in this work, shown in Fig. 10, where M type stars are homoge-
neously distributed in the N and E regions but are almost com-
pletely absent in the SW region, where the mean reddening is
higher and/or the sensitivity is lower for the strong nebular Hα
emission.
Finally, Fig. 9 (bottom panel) shows the reddening distribu-
tion by considering the whole sample and the subsample of 78
cluster members with E(V-I)> 0, which we will indicate here-
after as the selected sample. If we consider this subsample, we
find a mean value of E(V-I)=0.7 with an rms equal to 0.5. By
using the adopted reddening laws, the mean value corresponds
to E(B-V)=0.42, which, within the errors, is consistent with the
value <E(B-V)>=0.35 found by Sung et al. (2000).
3.5. Reddening law
To derive stellar luminosities, we also need to know the inter-
stellar absorption, which can be derived from the reddening val-
ues. This step requires assuming a suitable reddening law (RV),
which, in many star-forming clouds, has been proved to be dif-
ferent from the standard interstellar extinction law (Povich et al.,
2011). In addition, very recently, Fernandes et al. (2012) has
suggested for NGC 6530 an anomalous extinction law (RV=4.5)
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Fig. 9. E(V-I) vs. intrinsic (V-I)0 (top panel) and vs. observed (V-
I) (middle panel). Objects indicated by empty diamonds are M0
or later stars. The reddening vector corresponding to E(V-I)=1 is
also plotted. E(V-I) distribution (bottom panel) obtained by con-
sidering all targets (dotted line) and the selected sample includ-
ing the 70 cluster members with E(V-I)> 0 and without special
photometric or spectroscopic features indicated in Table 3.
by using the distribution of known E(V-K) vs. E(B-V) values.
Their sample is, however, limited to objects with E(B-V).0.4.
To constrain the reddening law adequate for this clus-
ter, we used the ratios E(V-I)/E(B-V) and E(V-K)/E(B-V). In
fact, for weak T-Tauri stars, the observed colors should only
be affected by interstellar absorption and the reddening ratios
derived by using different colors should be sensitive to the
total-to-selective extinction RV, which depends on composi-
tion and size of the grain in the interstellar medium. For ex-
ample, Fitzpatrick & Massa (2009) suggest to use the relation
RV=1.36 E(K−V)E(B−V) -0.79 to derive the reddening law.
To this aim, we selected cluster members with E(B-V)>0.
In addition, we discarded peculiar objects with features re-
ported in the notes of Table 3. Figure 11 shows E(V-I)/E(B-
V) (top panel) and E(K-V)/E(B-V) (bottom panel) as a func-
tion of E(B-V). Candidate accretors, defined as objects with
an FWZI in the the Hα line higher than 10 Å, and objects
with IR excesses are indicated by different symbols. The ratios
E(V-I)/E(B-V)=[1.25,1.66] and E(V-K)/E(B-V)=[2.73,4.45] for
RV=[3.1, 5.0], by using the Munari & Carraro (1996) reddening
law for the optical bands and the Fiorucci & Munari (2003) for
the 2MASS bands are also indicated in the figure. The extinction
coefficients by Munari & Carraro (1996) and Fiorucci & Munari
(2003) were derived by using the Mathis (1990) and Fitzpatrick
(1999) reddening laws, respectively, weighted over the V RC IC
and J H KS band profiles of the Bessell (1976) and 2MASS pho-
tometric systems, respectively.
We find that only a fraction of our targets show color-excess
ratios consistent with uniform RV, as expected for normal red-
dened stars, while for many objects the color excess ratios show
a wide spread that it is likely due to excesses in the blue B and/or
in the red K bands. In fact, most of the accretors have high E(V-
I)/E(B-V), while almost all the objects with IR excesses have
high E(V-K)/E(B-V).
Objects with evident NIR excesses can also be seen in Fig. 12
where we show the J-H vs. H-K diagram. Most of our targets
show colors that are more reddened than those expected for
dereddened main sequence stars. Nevertheless, since our targets
are YSOs of earlier spectral type than M2, the observed colors
cannot be explained by interstellar reddening alone, as can be
seen by the comparison with the reddening vectors. Instead, for
many of our targets, the observed colors are consistent with the
Meyer et al. (1997) locus of CTTS stars. Therefore, the observed
colors result from a combination of interstellar reddening and
NIR excesses from dust from the circumstellar disk.
However, if we consider the objects with constant color ex-
cess ratios we find that the values E(V-I)/E(B-V) are consistent
with the ratio given by Munari & Carraro (1996) for RV=5.0,
while if we consider the objects with E(K-V)/E(B-V) < 4, we
find RV in the range 4.0–4.5 by using the Fitzpatrick & Massa
(2009) equation. Since our sample is dominated by YSOs with
circumstellar disk with or without excesses, we cannot constrain
the RV value with high precision. Nevertheless, by considering
the consistency of the results obtained both from optical and
IR magnitudes, we can conclude that NGC 6530 cluster mem-
bers show an anomalous extinction with RV .5.0. Thus for
the following analysis, we use the reddening ratios given by
Munari & Carraro (1996) for RV=5.0.
4. Discussion
4.1. H-R diagram, ages, and age spread
Figure 13 shows the observed (top panels) and dereddened (mid-
dle panels) color-magnitude diagrams for the 21 CTTS (left pan-
els) and the 57 WTTS (right panels) members with E(V-I)> 0.
The sample of CTTS includes an object classified as Class 0/I
based on the IRAC–Spitzer photometry (Kumar & Anandarao,
2010). The HR diagrams of the two samples are shown in the
bottom panels. Effective temperatures and bolometric correc-
tions were derived by using the Kenyon & Hartmann (1995)
transformations. Bolometric luminosities were determined from
the V magnitudes, by considering individual absorption correc-
tions derived by the intrinsic colors and the adopted reddening
law. Masses and ages were derived by interpolating the theoreti-
cal tracks and isochrones by Siess et al. (2000) to the position of
the stars in the V0 vs. (V-I)0 diagram. Uncertainties on the stellar
parameters were derived by propagating individual uncertainties
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Fig. 10. Spatial distribution of all the objects studied in this work overplotted on the combination of the two deep-dithered I band
WFI images (Prisinzano et al., 2005). X symbols indicate WTTS, circles indicate CTTS, plus indicate nonmembers, and diamonds
indicate M0 or later stars. O stars falling in the field of view (FOV) investigated in this work are also indicated. Coordinates
RA(J2000) and Dec(J2000) are given in hours and degrees, respectively.
on the spectral types. The values of individual extinctions, effec-
tive temperatures, bolometric luminosities, ages and masses, and
the relative uncertainty ranges are given in Table 5.
The comparison between the two CMDs (observed and
dereddened) drawn in Fig. 13 shows that the actual dynamic
range of the intrinsic magnitudes (V0=10.–18.1) is greater than
that of the observed magnitudes (V=14.5–19.0). In addition, we
note that the individual correction for interstellar reddening al-
lows us to reduce the apparent age spread, since we find that
most of those YSOs that in the V vs. V-I diagram have an appar-
ent age in the range 0.1–1 Myrs are actually very reddened stars
with age &1 Myrs. Finally, we see that the mass distributions in
the observed and dereddened diagrams are very different.
Figure 14 shows the (cumulative) age distributions for the
WTTS and CTTS and for the joint sample (WTTS plus CTTS).
The ages of WTTS are not significantly different from the CTTS
ones, with a marginal indication that CTTS are younger than
WTTS. As a result, we decided to consider the WTTS-plus-
CTTS joint sample and found that around 60% of cluster mem-
bers have ages in the range ∼1–2 Myrs, but there is an older pop-
ulation with ages in the range 3–7 Myrs. Even if a small part
of this spread (∼1.5 Myrs) could be attributed to binaries, we
exclude the younger population actually being a population of
binaries, since in this case the two populations should have the
same spatial distribution.
This is not the case, as shown in Fig. 15 where we plot the
spatial distributions of the YSOs with ages younger and older
than 2 Myrs falling in the N, S, W, and E regions correspond-
ing to the four VIMOS CCD quadrants. Different symbol sizes
correspond to YSOs with E(V-I) in the ranges indicated in the
figure. We find that, while the oldest objects are quite homo-
geneously located in the observed region, about 50 % of the
youngest objects (ages <2 Myrs) are located in the SE region. To
see whether the spatial distribution of the youngest population is
significantly different from the oldest one, we derived the cumu-
lative age distribution in the four regions shown in Fig. 16. Since
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Fig. 11. Color excess ratios as a function of E(B-V) computed
for our targets. Horizontal solid lines indicate the color excess
ratios predicted by the Munari & Carraro (1996) (top panel) and
Fiorucci & Munari (2003) (bottom panel) reddening laws for
RV=[3.1, 5.0].
the number of objects in the N and SW region is very small, we
also consider the sample including all the objects in these three
regions with the aim to have more robust statistical results. From
these distributions, it is clear that in the SE region around 80%
of the objects are younger than 2 Myr, while this percentage is
much lower (∼40–50%) in the other regions. Using the two sam-
ple Kolmogorov-Smirnov tests, we find that the population of
objects in the SE is different from the one in the SW-NE-NW
regions at a significance level of 99%. Figure 15 also shows that
there is no correlation between the spatial distribution of the in-
dividual reddenings and the one of the derived ages, so we can
discard the observed ”age spread” as due to an artifact from the
treatment of the extinction.
Our results support the scenario of sequential star formation
since we find a first generation of stars in the N regions and in
the SW region and a second generation of stars that is quite con-
centrated in the SE region. Since our observations do not cover
the central region, we cannot say anything about this interesting
region.
Fig. 12. J-H vs H-K diagram of our targets. The solid curve is
the Kenyon & Hartmann (1995) locus for the colors of main se-
quence stars, the two arrows indicate the reddening vectors cor-
responding to AV=3 starting from colors of M0 and M2 dwarfs,
and the solid line is the CTTS locus by Meyer et al. (1997).
Since the E(V-I) median value ± 1 σ is equal to 0.52+0.52
−0.28,
corresponding to AV= 1.57+1.57−0.83, our observational limit implies
a mass limit equal to 0.6+0.6
−0.1 M⊙ at 4 Myrs, not including outliers
that can have very different values of E(V-I) and mass limit. For
these reasons, we are not able to discuss the sequential process as
a function of stellar masses, even if we find that almost all seven
observed YSOs with masses higher than 2.5 M⊙ are located in
the SE region.
Our finding allows us to suppose that (within the FOV stud-
ied in this work) the SE region is the most recent site of star
formation of low and intermediate mass stars where the popula-
tion has not yet undergone (or just started) mass segregation. In
contrast, the oldest population is more loosely clustered in the
surrounding N and SE regions.
5. Summary and conclusions
We used the VIMOS@VLT spectra of 94 candidate cluster mem-
bers of the young open cluster NGC6530 with the aim to obtain
the spectral classification, crucial for deriving accurate stellar pa-
rameters. First of all, we considered available membership indi-
cators (X-ray detection, radial velocities, lithium line, and Hα
shape) both from literature data and/or from our new spectra to
find members. Our spectral resolution does not allow us to mea-
sure the equivalent width of the lithium line, but since this line
is expected to be very prominent in YSOs, we were able to use
it effectively to distinguish cluster members.
Owing to the strong and spatially variable Hα emission from
the surrounding nebula, we cannot quantify the Hα emission of
the YSOs that are undergoing accretion, so we were not able to
estimate the mass accretion rates. Nevertheless, we can distin-
guish strong accretors by estimating the FWZI of the Hα line
that for these objects is larger than Hα emission coming from
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Fig. 13. V vs. V-I diagram obtained by using observed (top panels) and dereddened (middle panels) magnitudes and colors for the
CTT and WTT cluster members with E(V-I)>0. Solid and dotted lines are the Siess et al. (2000) isochrones and track, respectively,
assuming the cluster distance of 1250 pc (Prisinzano et al., 2005). In the top panel, the isochrones are reddened by assuming the
literature mean reddening E(B-V)=0.35 (Sung et al., 2000) and the Munari & Carraro (1996) reddening laws for RV=5.0. In the
middle panel, isochrones are only scaled for the cluster distance. The arrow indicates the reddening vector corresponding to E(B-
V)=0.35 for RV=5.0. The HR diagrams of the two samples are shown in the bottom panels.
the nebula. Based on the available membership indicators, we
find that 88 of our targets are confirmed cluster members, and
the remaining six are nonmembers.
Based on the comparison with standard spectra in the litera-
ture, we classified our targets and found that the cluster member
sample (88 YSOs) is dominated by late type stars with 42 K type
and 32 M type stars, while for two of them we were not able to
assign a spectral type.
By considering the Kenyon & Hartmann (1995) transforma-
tions, we derived intrinsic colors (V-I)0, hence the interstellar
reddening E(V-I). We used the V-I colors, since they should be
less affected by blue excesses due to accretion phenomena and
by IR excesses from circumstellar disk dust. Even if our sample
is dominated by WTTS, we find that some objects show evident
blue excesses with respect to the locus of (V-I) vs. (B-V) colors,
while eight YSOs have observed colors bluer than the intrinsic
ones that would imply an unphysical negative reddening. This
means that these objects are likely accretors in which the V-I col-
ors include a contribution originating in the accretion hot spot.
For these objects we did not attempt to derive stellar parameters
since we cannot estimate the true interstellar absorption and get
a reliable bolometric luminosity.
By considering only the 78 YSOs with E(V-I)> 0, we find a
mean cluster reddening E(V-I)=0.7±0.5. In addition, by compar-
ing the ratios E(V-I)/E(B-V) and E(V-K)/E(B-V), we conclude
that the NGC 6530 members show an anomalous extinction with
R .5.0. Therefore, for our analysis we used the reddening law
given by Munari & Carraro (1996) for RV=5.0. The mean clus-
ter reddening corresponds to E(B-V)=0.42, which is consistent
with the value <E(B-V)>=0.35 found by Sung et al. (2000). For
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Fig. 14. Cumulative age distribution of WTTS, CTTS and all
cluster members.
this sample we derived fundamental stellar parameters, i.e. ef-
fective temperatures, interstellar absorption, luminosities, ages,
and masses. The HR diagram shows that our targets have ages
between about 1 and 6-7 Myr. There is not a significant differ-
ence of ages between WTTS and CTTS, but if we distinguish
the populations younger and older than 2 Myr, we find that the
youngest population is mainly concentrated in the SE region,
while the oldest population is loosely clustered in the N and SW
regions. Since the ages of two populations are significantly dif-
ferent, we can conclude that there are two generations of stars
in this region, formed during different events. The SE region is
therefore the most recent site of star formation in the FOV stud-
ied in this work. Our results confirm the scenario of sequential
star formation already suggested in previous works.
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Table 1. List of stars observed with VIMOS, where ID is the sequential number, IDWFI is the Prisinzano et al. (2005) identification number; B, V, and I are the magnitudes presented in Prisinzano et al.
(2005), while J, H, and K are the 2MASS magnitudes.
ID α(2000) δ(2000) IDWFI B V I J H K
1 18 03 47.18 -24 24 21.1 16351 17.394 ± 0.003 16.109 ± 0.002 14.409 ± 0.005 13.02 ± 0.03 12.14 ± 0.05 11.61 ± 0.04
2 18 03 49.33 -24 23 37.3 17591 18.059 ± 0.012 16.762 ± 0.004 15.111 ± 0.008 13.71 ± 0.03 12.98 ± 0.04 12.67 ± 0.05
3 18 03 51.02 -24 27 51.2 12265 20.192 ± 0.013 18.480 ± 0.010 16.219 ± 0.006 14.64 ± 0.02 13.71 ± 0.05 13.29 ± 0.06
4 18 03 52.02 -24 22 33.5 19447 19.178 ± 0.021 17.931 ± 0.010 15.915 ± 0.004 14.36 ± 0.02 13.38 ± 0.04 12.94 ± 0.05
5 18 03 54.06 -24 23 57.1 16985 19.241 ± 0.009 17.743 ± 0.006 15.699 ± 0.005 13.97 ± 0.06 ... 12.73 ± 0.10
6 18 03 55.11 -24 19 18.6 25249 20.231 ± 0.028 18.576 ± 0.008 16.331 ± 0.005 14.81 ± 0.03 13.88 ± 0.07 ...
7 18 03 55.24 -24 16 59.9 28700 15.733 ± 0.002 14.700 ± 0.002 13.429 ± 0.012 12.47 ± 0.04 11.92 ± 0.05 11.75 ± 0.04
8 18 03 55.84 -24 18 38.7 26138 ... 18.877 ± 0.080 16.303 ± 0.005 14.47 ± 0.14 14.01 ± 0.06 13.86 ± 0.09
9 18 03 57.28 -24 16 09.8 30517 17.468 ± 0.003 16.317 ± 0.002 14.871 ± 0.003 ... 12.68 ± 0.09 ...
10 18 03 57.99 -24 24 41.9 15815 17.491 ± 0.006 16.143 ± 0.002 14.465 ± 0.007 12.59 ± 0.03 11.75 ± 0.05 11.39 ± 0.04
11 18 03 58.95 -24 18 17.7 26577 18.903 ± 0.019 17.480 ± 0.019 15.398 ± 0.004 14.02 ± 0.05 13.00 ± 0.06 12.41 ± 0.04
12 18 04 00.35 -24 25 30.4 14682 18.246 ± 0.006 16.795 ± 0.002 14.840 ± 0.010 13.39 ± 0.04 ... ...
13 18 04 02.20 -24 17 53.4 27121 20.272 ± 0.050 18.735 ± 0.007 16.509 ± 0.004 15.06 ± 0.05 14.24 ± 0.06 ...
14 18 04 02.94 -24 26 44.1 13412 18.626 ± 0.013 17.119 ± 0.004 15.038 ± 0.007 13.36 ± 0.05 12.55 ± 0.06 12.31 ± 0.02
15 18 04 04.10 -24 13 33.0 36413 17.671 ± 0.003 16.354 ± 0.002 14.762 ± 0.003 ... ... ...
16 18 04 04.28 -24 17 10.5 28352 19.551 ± 0.007 17.871 ± 0.003 15.571 ± 0.005 ... 12.93 ± 0.05 ...
17 18 04 04.87 -24 27 32.0 12576 19.413 ± 0.011 17.852 ± 0.004 15.973 ± 0.004 14.56 ± 0.03 13.77 ± 0.05 ...
18 18 04 05.08 -24 16 41.9 29284 17.659 ± 0.002 16.276 ± 0.002 14.539 ± 0.007 13.41 ± 0.02 12.59 ± 0.04 12.27 ± 0.04
19 18 04 05.30 -24 18 29.5 26329 19.246 ± 0.023 17.908 ± 0.020 16.074 ± 0.011 14.05 ± 0.03 13.37 ± 0.03 12.99 ± 0.03
20 18 04 05.74 -24 14 54.8 33362 18.448 ± 0.005 17.040 ± 0.003 15.026 ± 0.007 13.51 ± 0.03 12.70 ± 0.04 12.45 ± 0.04
21 18 04 05.80 -24 25 18.2 14903 18.149 ± 0.007 16.765 ± 0.005 14.990 ± 0.008 13.42 ± 0.03 12.38 ± 0.05 11.82 ± 0.04
22 18 04 07.35 -24 22 21.7 19764 15.838 ± 0.009 14.563 ± 0.004 12.935 ± 0.004 11.73 ± 0.03 10.99 ± 0.04 ...
23 18 04 08.11 -24 13 46.6 35898 17.707 ± 0.003 15.844 ± 0.003 13.612 ± 0.005 11.67 ± 0.03 ... 10.00 ± 0.05
24 18 04 08.15 -24 26 04.8 14096 15.745 ± 0.010 14.469 ± 0.002 12.749 ± 0.008 11.45 ± 0.03 10.79 ± 0.03 10.54 ± 0.03
25 18 04 09.16 -24 27 20.1 12779 19.382 ± 0.013 17.804 ± 0.007 15.582 ± 0.004 ... ... ...
26 18 04 09.30 -24 16 30.7 29683 19.801 ± 0.010 18.206 ± 0.007 16.082 ± 0.003 ... ... ...
27 18 04 09.63 -24 27 09.8 12983 18.236 ± 0.013 16.737 ± 0.005 14.796 ± 0.004 ... ... ...
28 18 04 09.76 -24 16 22.1 30020 20.290 ± 0.026 18.602 ± 0.008 16.337 ± 0.003 14.73 ± 0.06 ... ...
29 18 04 09.98 -24 19 29.8 24932 18.389 ± 0.006 16.800 ± 0.003 14.748 ± 0.003 13.60 ± 0.04 12.40 ± 0.05 11.54 ± 0.03
30 18 04 10.06 -24 26 34.6 13568 16.944 ± 0.004 15.764 ± 0.006 14.276 ± 0.003 13.23 ± 0.02 12.55 ± 0.03 12.40 ± 0.04
31 18 04 10.52 -24 26 55.6 13212 17.115 ± 0.009 15.689 ± 0.009 13.676 ± 0.011 12.09 ± 0.04 11.10 ± 0.05 10.48 ± 0.04
32 18 04 12.06 -24 19 09.7 25505 19.165 ± 0.009 17.495 ± 0.005 15.275 ± 0.005 13.66 ± 0.03 12.77 ± 0.04 12.56 ± 0.06
33 18 04 12.47 -24 19 42.9 24550 17.081 ± 0.008 15.773 ± 0.006 14.076 ± 0.003 12.83 ± 0.02 12.09 ± 0.02 11.95 ± 0.02
34 18 04 13.04 -24 23 17.1 18235 18.980 ± 0.009 17.471 ± 0.003 15.547 ± 0.004 14.03 ± 0.03 13.13 ± 0.02 12.77 ± 0.03
35 18 04 13.05 -24 22 42.7 19208 18.667 ± 0.004 17.340 ± 0.005 15.601 ± 0.004 14.38 ± 0.04 13.62 ± 0.07 ...
36 18 04 13.07 -24 26 13.2 13933 19.207 ± 0.005 17.467 ± 0.004 15.119 ± 0.003 13.37 ± 0.03 12.38 ± 0.03 11.94 ± 0.03
37 18 04 13.24 -24 13 58.6 35460 19.630 ± 0.012 17.987 ± 0.008 15.652 ± 0.004 14.07 ± 0.06 13.20 ± 0.06 12.90 ± 0.06
38 18 04 13.35 -24 24 50.9 15585 16.686 ± 0.006 15.394 ± 0.004 13.684 ± 0.009 12.46 ± 0.02 11.72 ± 0.02 11.54 ± 0.02
39 18 04 13.38 -24 15 13.5 32646 18.545 ± 0.004 16.995 ± 0.005 14.905 ± 0.002 ... 12.50 ± 0.11 12.25 ± 0.06
40 18 04 13.75 -24 17 26.9 27870 19.540 ± 0.020 17.882 ± 0.008 15.561 ± 0.006 ... ... ...
41 18 04 13.91 -24 26 23.3 13782 17.936 ± 0.006 16.422 ± 0.005 14.320 ± 0.002 12.66 ± 0.02 11.77 ± 0.03 11.33 ± 0.02
42 18 04 14.52 -24 15 31.9 31912 19.384 ± 0.010 17.833 ± 0.004 15.819 ± 0.006 ... ... ...
43 18 04 14.84 -24 17 37.6 27558 19.919 ± 0.020 18.243 ± 0.007 15.937 ± 0.004 14.40 ± 0.05 13.57 ± 0.06 13.32 ± 0.06
44 18 04 14.84 -24 22 55.4 18825 20.322 ± 0.019 18.526 ± 0.007 16.205 ± 0.004 14.49 ± 0.06 ... 13.37 ± 0.11
45 18 04 26.29 -24 28 48.6 11173 20.225 ± 0.013 18.809 ± 0.011 16.370 ± 0.004 14.30 ± 0.02 13.30 ± 0.03 12.73 ± 0.04
46 18 04 26.52 -24 19 04.1 25566 19.254 ± 0.014 17.691 ± 0.005 15.455 ± 0.009 13.85 ± 0.04 12.93 ± 0.04 12.51 ± 0.05
47 18 04 27.38 -24 22 12.7 20043 19.330 ± 0.025 17.605 ± 0.005 15.272 ± 0.002 13.33 ± 0.04 12.38 ± 0.04 12.05 ± 0.03
48 18 04 27.71 -24 24 31.8 16096 18.520 ± 0.003 16.982 ± 0.006 14.860 ± 0.002 13.40 ± 0.06 12.51 ± 0.05 12.25 ± 0.0417
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Table 1. continued.
ID α(2000) δ(2000) IDWFI B V I J H K
49 18 04 27.93 -24 27 59.6 12099 20.923 ± 0.039 18.978 ± 0.018 15.841 ± 0.003 13.99 ± 0.03 12.89 ± 0.03 12.29 ± 0.03
50 18 04 28.22 -24 25 37.5 14558 19.513 ± 0.011 17.922 ± 0.010 15.618 ± 0.003 ... 13.15 ± 0.09 12.85 ± 0.04
51 18 04 29.15 -24 13 43.2 36020 20.700 ± 0.022 18.987 ± 0.010 16.821 ± 0.004 14.57 ± 0.07 13.74 ± 0.07 13.29 ± 0.05
52 18 04 29.32 -24 25 28.0 14728 16.704 ± 0.108 15.550 ± 0.031 13.868 ± 0.003 12.50 ± 0.04 11.77 ± 0.05 11.53 ± 0.04
53 18 04 29.88 -24 14 29.3 34294 19.197 ± 0.005 17.812 ± 0.009 15.508 ± 0.006 13.80 ± 0.05 12.67 ± 0.05 12.04 ± 0.04
54 18 04 31.72 -24 14 54.1 33389 19.877 ± 0.013 18.121 ± 0.005 15.597 ± 0.005 13.96 ± 0.04 13.08 ± 0.04 ...
55 18 04 31.88 -24 24 40.1 15882 17.651 ± 0.002 16.249 ± 0.003 14.417 ± 0.002 13.13 ± 0.03 12.31 ± 0.05 12.09 ± 0.03
56 18 04 32.25 -24 24 10.0 16628 15.791 ± 0.001 14.639 ± 0.002 13.133 ± 0.004 11.92 ± 0.06 11.24 ± 0.05 11.06 ± 0.04
57 18 04 32.84 -24 16 22.0 30029 20.457 ± 0.039 18.925 ± 0.017 16.688 ± 0.010 15.14 ± 0.04 14.38 ± 0.08 ...
58 18 04 33.54 -24 26 53.4 13251 18.952 ± 0.008 17.390 ± 0.009 15.236 ± 0.003 13.44 ± 0.05 ... ...
59 18 04 33.60 -24 23 20.2 18132 20.339 ± 0.117 18.679 ± 0.030 16.176 ± 0.009 ... 13.43 ± 0.12 13.02 ± 0.11
60 18 04 33.96 -24 18 27.3 26358 19.829 ± 0.045 18.450 ± 0.007 16.216 ± 0.011 14.31 ± 0.06 ... ...
61 18 04 35.27 -24 17 42.5 27449 16.109 ± 0.002 14.903 ± 0.002 13.410 ± 0.010 12.10 ± 0.05 11.30 ± 0.11 10.14 ± 0.08
62 18 04 35.32 -24 27 30.1 12608 18.220 ± 0.006 16.647 ± 0.002 14.556 ± 0.005 12.94 ± 0.04 12.06 ± 0.07 11.74 ± 0.06
63 18 04 35.37 -24 15 48.9 31269 19.398 ± 0.025 17.926 ± 0.005 15.938 ± 0.003 ... 13.41 ± 0.10 ...
64 18 04 35.73 -24 26 40.4 58855 ... 16.283 ± 0.120 14.726 ± 0.009 ... ... ...
65 18 04 37.85 -24 19 19.8 25221 20.066 ± 0.011 18.421 ± 0.016 16.031 ± 0.004 ... 13.16 ± 0.13 12.86 ± 0.08
66 18 04 38.93 -24 16 10.5 30485 18.955 ± 0.004 17.567 ± 0.006 15.669 ± 0.003 14.05 ± 0.04 13.28 ± 0.05 13.08 ± 0.06
67 18 04 39.16 -24 23 53.6 17095 18.424 ± 0.008 17.257 ± 0.006 15.690 ± 0.013 14.51 ± 0.06 NaN ± 0.08 ...
68 18 04 39.31 -24 22 34.1 19423 19.203 ± 0.007 17.619 ± 0.005 15.440 ± 0.005 13.95 ± 0.04 13.11 ± 0.05 12.88 ± 0.06
69 18 04 39.42 -24 27 08.8 13000 19.385 ± 0.005 17.641 ± 0.006 15.223 ± 0.002 13.35 ± 0.07 12.26 ± 0.06 11.72 ± 0.03
70 18 04 40.60 -24 25 49.5 14346 17.555 ± 0.003 16.403 ± 0.004 14.825 ± 0.003 13.50 ± 0.04 12.87 ± 0.06 12.40 ± 0.08
71 18 04 40.63 -24 27 50.3 58080 18.072 ± 0.009 16.572 ± 0.002 14.592 ± 0.003 ... ... ...
72 18 04 40.86 -24 19 59.9 24025 19.961 ± 0.011 18.268 ± 0.007 15.827 ± 0.004 14.14 ± 0.03 13.24 ± 0.03 13.05 ± 0.06
73 18 04 41.46 -24 18 54.4 25725 15.686 ± 0.003 14.672 ± 0.002 13.389 ± 0.008 12.42 ± 0.03 11.81 ± 0.04 11.70 ± 0.05
74 18 04 41.51 -24 23 39.7 17514 20.327 ± 0.015 18.991 ± 0.008 16.039 ± 0.003 13.88 ± 0.04 12.78 ± 0.06 12.15 ± 0.05
75 18 04 41.89 -24 26 18.2 13854 18.682 ± 0.005 16.924 ± 0.002 14.566 ± 0.003 12.77 ± 0.04 ... ...
76 18 04 42.21 -24 22 47.4 19069 19.601 ± 0.011 17.955 ± 0.004 15.610 ± 0.004 13.98 ± 0.04 13.10 ± 0.05 12.74 ± 0.07
77 18 04 43.49 -24 27 38.2 12467 18.077 ± 0.005 16.265 ± 0.003 13.938 ± 0.005 ... 10.78 ± 0.06 ...
78 18 04 44.10 -24 14 38.8 33939 17.458 ± 0.003 16.197 ± 0.002 14.594 ± 0.004 13.30 ± 0.02 12.59 ± 0.04 12.39 ± 0.04
79 18 04 44.14 -24 15 24.9 32188 18.892 ± 0.008 17.151 ± 0.004 14.802 ± 0.005 12.92 ± 0.03 12.01 ± 0.04 11.65 ± 0.03
80 18 04 44.21 -24 15 38.0 31670 19.097 ± 0.008 17.588 ± 0.005 15.561 ± 0.004 13.89 ± 0.02 12.95 ± 0.02 12.54 ± 0.04
81 18 04 44.66 -24 27 18.7 12798 18.024 ± 0.005 16.534 ± 0.003 14.675 ± 0.006 13.28 ± 0.04 12.41 ± 0.05 12.23 ± 0.04
82 18 04 45.01 -24 28 20.9 11664 20.416 ± 0.016 18.587 ± 0.007 15.958 ± 0.007 13.98 ± 0.03 13.03 ± 0.02 12.76 ± 0.03
83 18 04 45.23 -24 16 57.4 28774 18.610 ± 0.028 17.109 ± 0.004 15.211 ± 0.005 ... ... 12.80 ± 0.05
84 18 04 46.33 -24 28 06.4 11957 20.248 ± 0.012 18.507 ± 0.006 16.087 ± 0.005 ... ... 13.12 ± 0.06
85 18 04 46.37 -24 26 07.7 14025 19.047 ± 0.005 17.368 ± 0.004 15.199 ± 0.007 13.67 ± 0.02 12.54 ± 0.03 12.01 ± 0.02
86 18 04 47.42 -24 18 01.3 26948 12.968 ± 0.008 12.640 ± 0.020 12.122 ± 0.012 11.59 ± 0.02 11.31 ± 0.03 11.22 ± 0.02
87 18 04 47.83 -24 23 30.4 17811 16.977 ± 0.001 15.680 ± 0.002 13.928 ± 0.006 12.57 ± 0.02 11.81 ± 0.02 11.66 ± 0.02
88 18 04 48.53 -24 22 23.6 19704 19.279 ± 0.067 17.822 ± 0.003 15.934 ± 0.004 14.58 ± 0.04 13.79 ± 0.05 13.62 ± 0.05
89 18 04 50.53 -24 18 40.1 26104 20.004 ± 0.011 18.340 ± 0.006 16.128 ± 0.005 14.41 ± 0.09 13.52 ± 0.09 13.16 ± 0.05
90 18 04 51.58 -24 25 15.6 14959 18.654 ± 0.004 17.002 ± 0.003 14.726 ± 0.004 12.98 ± 0.02 12.02 ± 0.02 11.55 ± 0.02
91 18 04 53.47 -24 25 57.7 14192 20.528 ± 0.015 18.314 ± 0.006 15.133 ± 0.004 12.51 ± 0.03 11.28 ± 0.03 10.63 ± 0.02
92 18 04 54.49 -24 14 07.2 35120 19.375 ± 0.012 17.723 ± 0.007 15.528 ± 0.002 ... ... ...
93 18 04 57.55 -24 24 46.5 15690 20.139 ± 0.012 18.803 ± 0.013 16.445 ± 0.008 14.68 ± 0.04 13.65 ± 0.06 13.18 ± 0.05
94 18 04 57.65 -24 24 56.4 15444 19.208 ± 0.019 17.620 ± 0.004 15.450 ± 0.005 13.87 ± 0.03 12.89 ± 0.07 12.39 ± 0.05
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Table 3. Results on membership, spectral types, and Hα properties.
ID NIR Target membership membership Spectral Hα FWZI[Å] Hα FWZI[Å] Notes
class type PDM2007 this work type PDM2007 this work
1 II 2 M 1 K2 – K3 V 8.3 9.5
2 III 1 M 1 K2 – K3 V 6.5 6.0
3 III 1 – 1 M0 – M1 V ... 6.0
4 II 2 M 1 K7.5 – M0.5 V ... 14.0 BVI excess
5 III 1 M 1 K4 – K6 V ... 6.0
6 III 1 – 1 K4.5 – K6 V ... 6.0
7 III 1 M 1 K4 – K5 V 14.0 6.0
8 III 1 – -1 F7 – F9 V ... 6.0
9 III 1 M 1 K7 – M0 V 2.7 6.0
10 II 2 M 1 K4 – K5 V ... -4.0
11 II 2 M 1 M0.5 – M1 V ... 6.0
12 III 1 M 1 K3.5 – K4.5 V ... 11.0 veiling
13 III 1 – 1 M0 – M1 V ... 11.0
14 III 1 M 1 K5 – K6 V 8.6 13.0
15 3 NM -1 K5 – K7 V ... -7.0
16 III 1 M 1 G7 – G9 V ... 5.0
17 III 1 M 1 K4 – K6 V ... -6.5
18 0/I 2 M 1 M0.5 – M1 V ... 7.0
19 3 NM 1 M0 – M1 V ... 17.0
20 III 1 M 1 K7.5 – M0.5 V ... 13.0
21 II 2 M 1 K2.5 – K3.5 V 12.5 15.0
22 III 1 M 1 K1 – K3 V ... 7.0
23 II 2 – -1 K0 – K1 V ... -6.0
24 III 1 M? 1 F9 – G1 V ... 6.0
25 III 1 M 1 K7 – M0 V ... 12.0
26 III 1 – 1 M0.5 – M1 V ... 6.0
27 III 1 M 1 K4 – K5 V ... 6.0
28 III 1 – 1 K1 – K2 V ... 12.0
29 II 2 M 1 M0 – M1 V ... 6.0
30 III 1 M 1 K0 – K2 V ... 6.0
31 0/I 2 M 1 – 15.6 11.0 emission lines
32 III 1 M 1 M0.5 – M1.5 V ... 6.0
33 III 1 M 1 K0 – K2 V ... 15.0
34 II 2 M 1 K4 – K6 V ... 10.0
35 III 1 M 1 K4 – K6 V ... 13.0
36 II 2 M 1 K7.5 – M0.5 V ... 9.5 veiling
37 III 1 M 1 M0 – M0.5 V ... 9.0
38 III 1 M 1 K2 – K3 V ... -7.0
39 III 1 M 1 G9 – K1 V 10.7 7.0
40 III 1 M 1 M0 – M1 V ... 13.5
41 II 2 M 1 K3 – K5 V 12.0 14.0
42 III 1 M 1 K7.5 – M0 V ... 10.0
43 III 1 – 1 M0 – M1 V ... 13.0
44 III 1 – 1 K4 – K6 V ... 7.0
45 II 2 – 1 M0 – M0.5 V ... 6.0 BVI excess
46 III 1 M 1 – ... -70.0 high rotator
47 III 1 – 1 M0 – M0.5 V ... 10.0
48 III 1 M 1 M0 – M0.5 V ... 10.0
49 III 1 – 1 K0 – K1 V ... 22.0
50 III 1 M 1 M0 – M0.5 V ... 11.0
51 3 – -1 – ... 6.0
52 III 1 M 1 K2 – K3 V 11.0 11.0
53 II 2 M 1 M0 – M1 V ... 6.0 BVI excess
54 III 1 M 1 K2 – K3 V ... 5.0
55 III 1 – 1 K2 – K4 V ... -4.5
56 III 1 M 1 G7 – G8 V ... 9.0
57 III 1 – 1 K7.5 – M0.5 V ... 17.0
58 III 1 M 1 G9 – K1 V 5.4 6.0
59 III 1 – 1 M0.5 – M1 V ... 18.0
60 III 1 – 1 M0 – M0.5 V ... 8.0 BVI excess
61 II 2 M 1 K5 – K6 V ... 6.0
62 III 1 M 1 M0 – M0.5 V ... 14.0
63 III 1 M 1 K7.5 – M0.5 V ... 15.0
64 III 1 M 1 M0 – M0.5 V 3.4 8.0
65 III 1 – 1 M0 – M1 V ... 17.0
66 III 1 M 1 K4 – K5 V ... 12.0
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Table 3. continued.
ID NIR Target membership membership Spectral Hα FWZI[Å] Hα FWZI[Å] Notes
class type PDM2007 this work type PDM2007 this work
67 3 M 1 M0.5 – M1.5 V 2.2 6.0
68 III 1 M 1 K7 – M0 V ... 14.0
69 II 2 M 1 F7 – F8 V ... -24.0
70 3 NM -1 G4 – G4 V 18.4 -13.0
71 III 1 M 1 K7 – M0 V 12.9 8.0
72 III 1 – 1 K0.5 – K2.5 V ... 8.0
73 III 1 M 1 G4 – G6 V ... 8.0
74 III 1 – 1 M2.5 – M3.5 III ... 26.0 BVI excess
75 III 1 M 1 K2 – K3 V ... 17.0
76 III 1 M 1 M0 – M0.5 V ... 15.0
77 II 2 M 1 K2 – K3 V ... 6.0
78 III 1 M 1 M0 – M1 V ... 17.0
79 0/I 2 M 1 M1 – M2 V ... 12.0
80 II 2 M 1 M0 – M1 V 14.9 14.0
81 III 1 M 1 M0 – M0.5 V ... 8.0
82 III 1 – 1 M2.5 – M3.5 III ... 10.0
83 III 1 M 1 M0 – M1 V 2.4 5.0
84 III 1 – 1 K4.5 – K5.5 V ... 10.0
85 II 2 M 1 K7 – M0 V 12.3 7.0
86 III 1 – 1 K7.5 – M0.5 V ... 19.0 veiling
87 III 1 M 1 K1.5 – K2.5 V ... 5.0
88 III 1 M 1 K2 – K4 V ... 6.0
89 III 1 – 1 M4 – M5 III ... 4.0
90 II 2 M 1 K3.5 – K4.5 V 13.3 8.0
91 II 2 – 1 A9 – F1 V ... 30.0
92 III 1 M? -1 K4 – K5 V ... 6.0
93 II 2 – 1 M0 – M1 V ... 14.0 BVI excess
94 II 2 M 1 K7.5 – M0.5 V ... 8.0
Notes. ID is the sequential number, column 2 is the class assigned based on the NIR excesses; column 3 describes the target type where 1 indicates
candidate WTTS, 2 indicates candidate CTTS and 3 indicates candidates selected only photometrically; column 4 indicates the membership
assigned in PDM2007; column 5 indicates the membership assigned in this work; column 6 gives the spectral types; columns 7 and 8 gives the
full width zero intensity (FWZI) of the Hα line measured in PDM2007 and in this work, respectively; column 9 gives some notes.
20
L
.P
risin
zan
o
et
al
.:H
R
diag
ram
ofPM
S
starsin
N
G
C6530
Table 5. Fundamental stellar parameters for the cluster members studied in this work derived as described in Sect. 4.1.
ID AV log(Teff) log(Teff)min log(Teff)max log(Lbol/L⊙) log(Lbol/L⊙)min log(Lbol/L⊙)max log(t) log(t)min log(t)max M/M⊙ Mmin/M⊙ Mmax/M⊙
[K] [K] [K] [yrs] [yrs] [yrs]
1 2.0 ± 0.1 3.683 3.675 3.690 0.623 0.581 0.666 6.318 6.207 6.423 2.0 1.9 2.0
2 1.8 ± 0.1 3.683 3.675 3.690 0.303 0.260 0.347 6.690 6.591 6.779 1.6 1.6 1.6
3 1.1 ± 0.2 3.578 3.571 3.585 -0.303 -0.401 -0.206 6.323 6.224 6.464 0.5 0.5 0.6
4 0.7 ± 0.3 3.585 3.578 3.597 -0.318 -0.428 -0.209 6.436 6.281 6.660 0.6 0.5 0.7
5 2.1 ± 0.5 3.638 3.624 3.662 0.109 -0.090 0.308 6.431 6.106 6.759 1.1 0.8 1.3
6 2.7 ± 0.3 3.638 3.624 3.650 0.018 -0.118 0.154 6.571 6.334 6.794 1.1 0.9 1.2
7 0.0 ± 0.3 3.650 3.638 3.662 0.487 0.360 0.614 6.079 5.900 6.268 1.3 1.1 1.6
9 -0.8 ± 0.3 3.597 3.585 3.609 ... ... ... ... ... ... ... ... ...
10 1.3 ± 0.3 3.650 3.638 3.662 0.400 0.273 0.527 6.182 6.004 6.382 1.3 1.1 1.5
11 0.5 ± 0.1 3.574 3.571 3.578 -0.149 -0.202 -0.096 6.112 6.080 6.168 0.5 0.5 0.5
12 2.4 ± 0.2 3.662 3.650 3.668 0.566 0.480 0.651 6.130 5.995 6.318 1.6 1.4 1.8
13 1.0 ± 0.2 3.578 3.571 3.585 -0.447 -0.544 -0.350 6.519 6.395 6.673 0.5 0.5 0.6
14 2.0 ± 0.2 3.631 3.624 3.638 0.351 0.278 0.424 6.016 5.919 6.129 1.0 0.9 1.1
16 4.5 ± 0.1 3.742 3.733 3.751 0.841 0.816 0.866 6.709 6.607 6.807 2.0 1.8 2.1
17 1.6 ± 0.5 3.638 3.624 3.662 -0.134 -0.333 0.065 6.808 6.451 7.082 1.1 0.9 1.1
18 -0.4 ± 0.1 3.578 3.571 3.578 ... ... ... ... ... ... ... ... ...
19 -0.1 ± 0.3 3.578 3.571 3.585 ... ... ... ... ... ... ... ... ...
20 0.6 ± 0.3 3.585 3.578 3.597 0.036 -0.073 0.144 6.010 5.915 6.158 0.6 0.5 0.6
21 2.1 ± 0.1 3.675 3.668 3.683 0.425 0.381 0.469 6.462 6.363 6.563 1.7 1.6 1.7
22 1.9 ± 0.2 3.690 3.675 3.706 1.181 1.091 1.272 5.875 5.664 6.074 2.9 2.6 2.9
24 3.0 ± 0.1 3.780 3.774 3.786 1.595 1.575 1.616 6.306 6.272 6.325 3.0 2.9 3.1
25 1.6 ± 0.3 3.597 3.585 3.609 0.035 -0.086 0.156 6.100 5.948 6.292 0.6 0.6 0.8
26 0.7 ± 0.1 3.578 3.571 3.578 -0.359 -0.408 -0.309 6.397 6.330 6.470 0.5 0.5 0.6
27 2.1 ± 0.3 3.650 3.638 3.662 0.480 0.353 0.606 6.087 5.910 6.278 1.3 1.1 1.5
28 3.9 ± 0.1 3.698 3.690 3.706 0.371 0.322 0.420 6.768 6.667 6.864 1.6 1.6 1.7
29 0.5 ± 0.2 3.578 3.571 3.585 0.117 0.021 0.214 5.889 5.767 5.965 0.5 0.5 0.6
30 1.7 ± 0.2 3.706 3.690 3.720 0.609 0.512 0.705 6.599 6.392 6.813 1.9 1.7 2.0
32 0.8 ± 0.3 3.571 3.562 3.578 -0.019 -0.122 0.084 5.985 5.945 6.044 0.5 0.4 0.5
33 2.3 ± 0.2 3.706 3.690 3.720 0.857 0.760 0.953 6.330 6.122 6.561 2.2 2.1 2.2
34 1.7 ± 0.5 3.638 3.624 3.662 0.073 -0.126 0.272 6.485 6.153 6.794 1.1 0.8 1.3
35 1.1 ± 0.5 3.638 3.624 3.662 -0.098 -0.296 0.101 6.750 6.395 7.036 1.1 0.9 1.1
36 1.7 ± 0.3 3.585 3.578 3.597 0.267 0.159 0.376 5.816 5.766 5.915 0.6 0.5 0.6
37 1.5 ± 0.1 3.582 3.578 3.585 0.013 -0.036 0.063 6.004 5.958 6.051 0.5 0.5 0.6
38 2.0 ± 0.1 3.683 3.675 3.690 0.921 0.878 0.965 6.012 5.903 6.115 2.3 2.2 2.4
39 3.7 ± 0.2 3.720 3.706 3.733 0.914 0.853 0.974 6.526 6.357 6.723 2.2 2.0 2.4
40 1.3 ± 0.2 3.578 3.571 3.585 0.008 -0.089 0.105 5.981 5.931 6.077 0.5 0.5 0.6
41 2.9 ± 0.4 3.662 3.638 3.675 0.892 0.723 1.061 5.789 5.588 6.156 1.8 1.4 2.2
42 0.6 ± 0.1 3.585 3.582 3.591 -0.282 -0.336 -0.227 6.383 6.310 6.473 0.6 0.5 0.6
43 1.3 ± 0.2 3.578 3.571 3.585 -0.154 -0.251 -0.057 6.148 6.069 6.266 0.5 0.5 0.6
44 2.9 ± 0.5 3.638 3.624 3.662 0.129 -0.070 0.328 6.401 6.080 6.732 1.1 0.8 1.3
45 1.8 ± 0.1 3.582 3.578 3.585 -0.190 -0.240 -0.140 6.229 6.164 6.292 0.5 0.5 0.6
47 1.5 ± 0.1 3.582 3.578 3.585 0.164 0.115 0.212 5.876 5.844 5.909 0.5 0.5 0.6
48 0.8 ± 0.1 3.582 3.578 3.585 0.159 0.110 0.208 5.881 5.847 5.914 0.5 0.5 0.6
49 6.8 ± 0.1 3.713 3.706 3.720 1.346 1.293 1.399 6.044 5.929 6.171 3.2 3.0 3.2
50 1.4 ± 0.1 3.582 3.578 3.585 0.002 -0.048 0.052 6.017 5.969 6.064 0.5 0.5 0.6
52 1.9 ± 0.1 3.683 3.675 3.690 0.825 0.769 0.882 6.106 5.963 6.230 2.2 2.0 2.2
53 1.3 ± 0.2 3.578 3.571 3.585 0.016 -0.081 0.113 5.975 5.924 6.069 0.5 0.5 0.6
54 4.5 ± 0.1 3.683 3.675 3.690 0.811 0.768 0.854 6.123 6.011 6.217 2.2 2.0 2.221
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Table 5. continued.
ID AV log(Teff) log(Teff)min log(Teff)max log(Lbol/L⊙) log(Lbol/L⊙)min log(Lbol/L⊙)max log(t) log(t)min log(t)max M/M⊙ Mmin/M⊙ Mmax/M⊙
[K] [K] [K] [yrs] [yrs] [yrs]
55 2.3 ± 0.2 3.675 3.662 3.690 0.700 0.616 0.785 6.140 5.955 6.332 1.9 1.7 2.0
56 2.1 ± 0.0 3.742 3.742 3.751 1.177 1.163 1.190 6.428 6.385 6.469 2.5 2.5 2.6
57 1.3 ± 0.3 3.585 3.578 3.597 -0.450 -0.561 -0.339 6.622 6.449 6.878 0.6 0.5 0.7
58 3.9 ± 0.2 3.720 3.706 3.733 0.833 0.772 0.894 6.559 6.405 6.787 2.2 1.9 2.2
59 1.8 ± 0.2 3.574 3.571 3.578 -0.121 -0.183 -0.060 6.084 6.052 6.145 0.5 0.5 0.5
60 1.2 ± 0.1 3.582 3.578 3.585 -0.293 -0.344 -0.243 6.360 6.289 6.429 0.6 0.5 0.6
61 0.2 ± 0.2 3.631 3.624 3.638 0.529 0.455 0.602 5.829 5.744 5.918 1.0 0.9 1.1
62 0.8 ± 0.1 3.582 3.578 3.585 0.255 0.207 0.304 5.815 5.791 5.839 0.5 0.5 0.6
63 0.6 ± 0.3 3.585 3.578 3.597 -0.350 -0.459 -0.241 6.478 6.320 6.709 0.6 0.5 0.7
64 -0.9 ± 0.4 3.582 3.578 3.585 ... ... ... ... ... ... ... ... ...
65 1.5 ± 0.2 3.578 3.571 3.585 -0.124 -0.223 -0.026 6.112 6.043 6.230 0.5 0.5 0.6
66 1.9 ± 0.3 3.650 3.638 3.662 0.096 -0.031 0.222 6.616 6.400 6.816 1.3 1.1 1.3
67 -1.2 ± 0.3 3.571 3.562 3.578 ... ... ... ... ... ... ... ... ...
68 1.4 ± 0.3 3.597 3.585 3.609 0.057 -0.063 0.178 6.075 5.926 6.260 0.6 0.6 0.8
69 5.4 ± 0.1 3.795 3.792 3.798 1.244 1.218 1.269 6.708 6.692 6.724 2.1 2.1 2.2
71 0.8 ± 0.3 3.597 3.585 3.609 0.236 0.116 0.357 5.902 5.788 6.059 0.6 0.6 0.7
72 4.4 ± 0.2 3.698 3.683 3.713 0.717 0.623 0.811 6.391 6.176 6.563 2.1 2.0 2.1
73 1.6 ± 0.0 3.761 3.756 3.763 0.939 0.923 0.955 6.792 6.758 6.823 1.9 1.9 1.9
74 1.5 ± 0.5 3.540 3.534 3.547 -0.110 -0.327 0.107 5.578 5.289 5.867 0.4 0.3 0.4
75 4.0 ± 0.1 3.683 3.675 3.690 1.090 1.048 1.133 5.868 5.766 5.970 2.6 2.4 2.7
76 1.5 ± 0.1 3.582 3.578 3.585 0.038 -0.010 0.087 5.983 5.938 6.027 0.5 0.5 0.6
77 3.9 ± 0.1 3.683 3.675 3.690 1.316 1.274 1.359 5.678 5.593 5.768 3.0 2.8 3.0
78 -0.8 ± 0.2 3.578 3.571 3.585 ... ... ... ... ... ... ... ... ...
79 0.9 ± 0.3 3.562 3.554 3.571 0.208 0.099 0.316 5.560 5.292 5.743 0.4 0.4 0.5
80 0.4 ± 0.2 3.578 3.571 3.585 -0.228 -0.325 -0.132 6.234 6.142 6.362 0.5 0.5 0.6
81 0.1 ± 0.1 3.582 3.578 3.585 0.021 -0.028 0.070 5.998 5.952 6.043 0.5 0.5 0.6
82 0.5 ± 0.5 3.540 3.534 3.547 -0.337 -0.555 -0.120 6.121 5.996 6.252 0.4 0.3 0.4
83 0.1 ± 0.2 3.578 3.571 3.585 -0.192 -0.289 -0.095 6.189 6.107 6.313 0.5 0.5 0.6
84 3.2 ± 0.2 3.638 3.631 3.650 0.256 0.156 0.356 6.226 6.066 6.388 1.1 1.0 1.3
85 1.4 ± 0.3 3.597 3.585 3.609 0.146 0.025 0.267 5.982 5.857 6.154 0.6 0.6 0.7
86 -3.9 ± 0.3 3.585 3.578 3.597 ... ... ... ... ... ... ... ... ...
87 2.2 ± 0.1 3.690 3.683 3.698 0.884 0.838 0.930 6.121 6.020 6.217 2.3 2.2 2.3
88 2.4 ± 0.2 3.675 3.662 3.690 0.139 0.054 0.223 6.830 6.671 6.996 1.4 1.3 1.4
89 -2.8 ± 0.8 3.519 3.511 3.528 ... ... ... ... ... ... ... ... ...
90 3.4 ± 0.2 3.662 3.650 3.668 0.870 0.785 0.954 5.811 5.702 5.993 1.8 1.6 2.1
91 8.3 ± 0.1 3.857 3.848 3.869 2.131 2.088 2.174 6.011 5.975 6.034 4.0 3.9 4.1
93 1.4 ± 0.2 3.578 3.571 3.585 -0.315 -0.414 -0.217 6.340 6.236 6.482 0.5 0.5 0.6
94 1.1 ± 0.3 3.585 3.578 3.597 -0.008 -0.117 0.100 6.054 5.952 6.216 0.6 0.5 0.6
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Notes. ID is the sequential number, column 2 is the interstellar extinction; columns 3, 4, and 5 give the bolometric luminosities; columns 6, 7, and
8 give the effective temperatures; columns 9, 10, and 11 give the ages and, finally, columns 12, 13, and 14 give masses. The relative uncertainty
ranges are also given.
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